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NETWORK SYSTEM, NETWORK
APPARATUS, AND METHOD OF
CONTROLLING NETWORK

This application is a National Stage Entry of PCT/JP2012/
004797 filed on Jul. 27, 2012, which claims priority from
Japanese Patent Application 2011-166222 filed on Jul. 29,
2011, the contents of all of which are incorporated herein by
reference, in their entirety.

TECHNICAL FIELD

The present invention relates to a network system, a net-
work apparatus, and a method of controlling a network, and
more particularly to a network system, a network apparatus,
and a method of controlling a network, which set paths by
using a wavelength division multiplexing technology.

BACKGROUND ART

In optical communication networks, multi-channel support
using a Dense Wavelength Division Multiplexing (DWDM)
technology which enables high-capacity connections of
Point-to-Point (P2P) and an Optical Cross Connect (OXC)
using a frequency selection switch (Wavelength Select
Switch (WSS)) having a multi (three or more) direction or
degree switching function have been introduced, for the
speeding-up of a network which will be accompanied by
increase in communication amount and diversification of ser-
vices in the future. The introduction of the OXC enables
networks to be optimally reconstructed according to use
states of the networks.

Further, as described in Non-Patent Document 1, a trans-
ceiver aggregator, in which a plurality of optical transceivers,
a WSS, and the like are installed, is installed between an
optical communication network and a client device, so the
sharing of optical transceivers is in progress. Thus, the num-
ber of the installed optical transceivers can be reduced and
Capital Expenditure (CAPEX) can be decreased. A method of
sharing the optical transceivers has a variety of forms includ-
ing a method in which each fiber direction or degree shares
the optical transceivers and a method in which a plurality of
fiber directions or degrees in bulk share the optical transceiv-
ers.

In addition, network update automation is in progress by
the optical transceivers and the WSS within the network
apparatus being controlled by a computer. An example of a
network management system is disclosed in Patent Docu-
ment 1 (Japanese Unexamined Patent Application Publica-
tion No. 2010-161501). The network management system of
Patent Document 1 dynamically changes the configuration of
anetwork depending on the use state in order to reduce power
consumption of the entire network.

Prior to the automation, workers are required to go to each
node station and to change network apparatuses at the time of
update. However, due to the automation of the network
update, the workers are not required to change the appara-
tuses, and Operating Expense (OPEX) also can be decreased.
In addition, as described in Patent Document 1, the network
can be dynamically optimized depending on the use state of
the network.

Due to development of the network technology, it is
expected that a plurality of unused optical transceivers are
installed in each network apparatus and are dynamically setto
an in-use state or a not in-use state depending on the use state
of the network.
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The unused optical transceivers are on standby in a state
where the optical output is zero so that the light does not leak
to the normal network. At this time, backup optical transceiv-
ers are on standby in a state where the backup optical trans-
ceivers are shared among the fiber directions or degrees of one
or more and are activated to be connected to a network, when
a new optical path is connected or a failure is recovered. It is
desirable that the optical path setting time may be serviced
instantly. Particularly, rapid optical path setting is required for
restoration (network switching) at the time of failure recovery
to minimize the impact of failures.

Optical transmission and reception devices are present as
analog devices in the optical transceivers. With the introduc-
tion of DWDM technology in recent years, devices such as
frequency tunable lasers and frequency tunable filters capable
of controlling frequencies are used as the optical transmission
and reception devices.

Although various types of frequency tunable lasers and
filters exist, tuning parameters such as a refractive index, an
electric voltage, an electric current or a temperature of a
medium such as a semiconductor, a dielectric, a liquid crystal,
or the like, are controlled in an analog manner at high preci-
sion for setting the frequency of these devices. Since these
frequency control delay mechanisms have no significant dif-
ference therebetween, they will be described using a fre-
quency tunable laser described in Patent Document 2 (Japa-
nese Patent No. 4596181).

Patent Document 2 is a patent relating to a frequency
tunable laser of an external resonator type. The frequency
tunable laser described in Patent Document 2 has a configu-
ration in which an external resonator is disposed between a
semiconductor optical amplifier and an external mirror and at
least a frequency selection filter and a frequency tunable filter
are disposed in the inside thereof. The frequency selection
filter is a periodic transparent filter with a transparent peak
only in channels defined for use in communication applica-
tions, and a solid etalon filter is generally used therefor.

As illustrated in FIG. 2 of Non-Patent Document 2, one
frequency is selected by a frequency tunable filter from a
plurality of peak frequencies of the frequency selection filter,
and laser is oscillated in any frequency. In other words, the
number of frequency tuning parameters of the frequency tun-
able laser described in Patent Document 2 is one and the peak
frequency of the frequency tunable filter is tuned, thereby
allowing the frequency variable characteristic to be achieved.
The frequency tunable filter described in Patent Document 2
uses a liquid crystal-based frequency tunable mirror, and the
frequency tuning parameter is an alternating voltage value to
be applied to the liquid crystal. The refractive index of the
liquid crystal is changed by changing the alternating voltage
value so as to control the frequency, and thus the greater the
voltage changes, the greater the frequency changes.

Channel setting in the frequency tunable laser described in
Patent Document 2 is as follows. The alternating voltage
value of the frequency tunable filter is first changed, and a
coarse adjustment is performed on the peak frequency. More-
over, a fine adjustment combined with the stable operation of
the laser beam is performed in the frequency tunable laser.
This fine adjustment includes a constant light output control
by a dither control, a frequency control for matching an oscil-
lation frequency to an International Telecommunication
Union (ITU) channel with high precision, and a phase control
for operating a laser light at low noise.

In addition, as described in Non-Patent Document 5, vari-
ous types such as a type which has two frequency tuning
parameters exist as frequency tunable filters.
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Patent Document 3 (Japanese Unexamined Patent Appli-
cation Publication No. 2001-249053) discloses a frequency
tunable laser used as a local oscillator for frequency selection.

RELATED DOCUMENT
Patent Document

[Patent Document 1] Japanese Unexamined Patent Applica-
tion Publication No. 2010-161501

[Patent Document 2] Japanese Patent No. 4596181

[Patent Document 3] Japanese Unexamined Patent Applica-
tion Publication No. 2001-249053

Non-Patent Document

[Non-Patent Document 1] B. C. Collings, “Wavelength
Selectable Switches and Future Photonic Network Appli-
cations”, Proc. Photonics in Switching, FrIl 2-4, 2009,
Institute of Electrical and Electronic Engineers (IEEE),
2009, pp. 1-4

[Non-Patent Document 2] Kenji Sato, et al. 5 members,
“Wideband External Cavity Wavelength-Tunable Laser
Utilizing a Liquid-Crystal-Based Mirror and an Intracavity
Etalon”, Journal of Lightwave Technology, Institute of
Electrical and Electronic Engineers (IEEE), 2007, 25th
edition, NO. 8, pp. 2226-2232

[Non-Patent Document 3] “Integrable Tunable Laser Assem-
bly (ITLA)”, [online], 2008, PGT Photonics S.p.A.,
[searched on Apr. 22, 2011], Internet <URL: http:/
www.pirellibroadband.com/en_IT/browser/attachment
s/pdf/Pirelli_ITLA.pdf>

[Non-Patent Document 4] “Intel(R) C-band Tunable Laser
Performance and Design White Paper”, [online], May,
2003, Intel corporation, [searched on Apr. 22, 2011], Inter-
net <URL: http://www.intel.com/design/network/papers/
25299001 .pdf>

[Non-Patent Document 5] Ronan O’Dowd, “Automated PX1-
based Screening and Characterisation of Tunable Lasers”,
Proceedings of the Lightwave Technologies in Instrumen-
tation and Measurement Conference, Institute of Electrical
and Electronic Engineers (IEEE), 2004, pp. 84-89

DISCLOSURE OF THE INVENTION

However, there is a problem that the setting time is delayed
because there is a delay due to a control of an analog device
within an unused optical transceiver in an optical path setting.

In the coarse adjustment of frequency in the frequency
tunable laser described in the Patent Document 2, the larger
the frequency tuning parameter variation, the more time is
taken. This is because not only is time required for alternating
voltage itself of the frequency tuning parameter to be stabi-
lized, but also there is a need to be on standby until the liquid
crystal itself is stabilized after the alternating voltage tuning.
Furthermore, since the control performed by the fine adjust-
ment which is performed combined with the stable operation
of the laser light in the frequency tunable laser depends
strongly on the peak frequency of the frequency tunable filter,
fine control of the frequency tunable filter itself is also
required. Based on this strong dependence, as the tuning
amount of frequency tunable filter is great, the fine tuning
takes more time. As a product characteristic using this
method, a delay of at most one second occurs as described in
Non-Patent Document 3.

In this manner, since the channel setting time for the optical
path setting depends strongly on the change amount in fre-
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quency tuning parameter of the frequency tunable filter, as the
change amount is great, it takes time. Not only does it take
more time until frequency tuning parameter is stabilized as
the change amount in frequency tuning parameter is great, but
also time for fine adjustment for high performance of the
property is also increased, thereby a large delay has occurred.

In addition, even if there are tuning parameters of two or
more in the frequency tunable filter, as the tuning parameters
are changed significantly, the tuning time in some parameters
may be delayed.

For example, when a filter using a thermo-optic effect of a
material as described in Non-Patent Document 4 is used, a
possibility in which a delay may occur on the order of several
tens of seconds as the tuning time is considered.

In addition, evenin a digital coherent receiver that has been
validated in a large-capacity transmission system in recent
years, a similar delay problem exists even in the frequency
tunable laser which is used as alocal oscillator as described in
Patent Document 3 for frequency selection.

In this manner, since there is a delay due to the control of
the analog device of the transceiver in the network apparatus
in the technologies described in the documents described
above, there is a problem that the optical path setting takes
time.

An object of the present invention is to provide a network
system, a network apparatus, and a method of controlling a
network in which the problem described above that it takes
time for the optical path setting is solved.

A network apparatus of the present invention includes:

a plurality of transceivers each of which has a frequency
variable characteristic and communicates on an allocated
channel;

a channel allocation unit which allocates channels of
standby transceivers that are not connected to a network and
are set to a standby state, among the plurality of transceivers
so that the channels are different from each other;

a tuning unit which tunes the standby transceivers to the
frequencies of the allocated channels by changing respective
parameters; and

a selection unit which preferentially selects and uses a
transceiver having a short channel setting time among the
standby transceivers, when a path is newly set in the network.

A network system of the present invention is a network
system using the above network apparatus.

A method of controlling a network of the present invention
is a method of controlling a network in which a network
apparatus which controls a plurality of transceivers having
frequency variable characteristics, including

allocating channels of standby transceivers that are not
connected to a network and are set to a standby state, among
the plurality of transceivers so that the channels are different
from each other;

tuning the standby transceivers to the frequencies of the
allocated channels by changing respective parameters; and

preferentially selecting and uses a transceiver having a
short channel setting time among the standby transceivers,
when a path is newly set in the network.

A program of the present invention is a program perform-
ing:

a procedure for allocating frequencies different from each
other to channels of standby transceivers that are not con-
nected to a network and are set to a standby state, among the
plurality of transceivers;

a procedure for tuning the standby transceivers to the fre-
quencies of the allocated channels by changing respective
parameters; and
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a procedure for preferentially selecting and using a trans-
ceiver having a short channel setting time among the standby
transceivers, when a path is newly set in the network.

In addition, any combination of the above constitutional
elements, or a method, an apparatus, a system, a recording
media, and a computer program each of which changeably
represents the present invention in other forms are also effec-
tive as exemplary embodiments of the present invention.

In addition, various constitutional elements of the present
invention need not be individual independent entities neces-
sarily, and may be anything in which a plurality of constitu-
tional elements are formed as one member, anything in which
one constitutional element is formed as a plurality of mem-
bers, anything in which certain constitutional elements are
formed as a portion of other constitutional elements, anything
in which a portion of certain constitutional elements and a
portion of other constitutional elements are duplicated, or the
like.

In addition, in the control method and the computer pro-
gram of the present invention, a plurality of procedures are
described in order, but the described order is not intended to
limit the order of performing the plurality of procedures.
Accordingly, when the control method and the computer pro-
gram of the present invention are performed, the order of the
plurality of procedures can be changed in a range which does
not interfere with the content.

The plurality of procedures in the control method and the
computer program of the present invention are not limited to
be performed at different timings, respectively. For this rea-
son, other procedures may be performed during the execution
of a certain step, all or a part of the execution timings of a
certain step and other procedures may be overlapped, or the
like.

According to the present invention, a network system, a
network apparatus, and a method of controlling a network,
which can set optical paths at high speed, are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

The above described object, other objects, features and
advantages will be more apparent from preferred exemplary
embodiments described later and the following accompany-
ing drawings.

FIG. 1 is a functional block diagram illustrating a configu-
ration of an optical network system according to an exem-
plary embodiment of the present invention.

FIG. 2 is a functional block diagram illustrating a configu-
ration of an optical transceiver of a network apparatus accord-
ing to the exemplary embodiment of the present invention.

FIG. 3 is a functional block diagram illustrating a configu-
ration of an optical transceiver control unit of the network
apparatus according to the exemplary embodiment of the
present invention.

FIG. 4 is a diagram illustrating an example of a structure of
an optical transceiver management table of the network appa-
ratus according to the exemplary embodiment of the present
invention.

FIG. 5 is a flowchart illustrating an example of the opera-
tion of the optical transceiver control unit at the time of an
initial setting or at the time of a change setting of the network
apparatus according to the exemplary embodiment of the
present invention.

FIG. 6 is a diagram illustrating an example of the optical
transceiver management table at the time of confirmation of a
transceiver in the exemplary embodiment of the present
invention.
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FIG. 7 is a diagram illustrating an example of the optical
transceiver management table at the time of selecting a trans-
ceiver in the exemplary embodiment of the present invention.

FIG. 8 is a diagram illustrating an example of the optical
transceiver management table at the time of channel setting in
the exemplary embodiment of the present invention.

FIG. 9 is a diagram illustrating a relationship example
between wavelength tuning parameters and channels in the
exemplary embodiment of the present invention.

FIG. 10 is a flowchart illustrating the optical path setting
operation by the optical transceiver control unit of the net-
work apparatus according to the exemplary embodiment of
the present invention.

FIG. 11 is a diagram of an example of the optical trans-
ceiver management table after the optical path setting is per-
formed, in the exemplary embodiment of the present inven-
tion.

FIG. 12 is a diagram of an example of the optical trans-
ceiver management table after optical paths are deleted, in the
exemplary embodiment of the present invention.

FIG. 13 is a diagram for explaining a difference between a
case where the optical path setting of the present invention is
not performed and the optical path setting is performed in the
exemplary embodiment of the present invention.

FIG. 14 is a schematic diagram for explaining an optical
transceiver channel setting method of the optical transceiver
control unit of the network apparatus according to the exem-
plary embodiment of the present invention.

FIG. 15 is a schematic diagram for explaining an optical
transceiver channel setting method of the optical transceiver
control unit of the network apparatus according to the exem-
plary embodiment of the present invention.

FIG. 16 is a functional block diagram illustrating a con-
figuration of an optical network system according to the
exemplary embodiment of the present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described using drawings. In addition, the same
reference numerals are given to the same constitutional ele-
ments in all drawings, so the description thereof will not be
repeated.

First Exemplary Embodiment

FIG. 1 is a functional block diagram illustrating a configu-
ration of an optical network system 1 according to an exem-
plary embodiment of the present invention. In addition, the
configurations of parts which are not related to the essence of
the present invention are not repeated and not illustrated in the
following respective drawings.

As illustrated in FIG. 1, the optical network system 1
according to the present exemplary embodiment includes a
network apparatus 100 connected to an optical network 3
through an optical fiber group 142 including a plurality of
optical fibers 140 corresponding to respective directions or
degrees (direction 1, direction 2, direction 3, . . ., and direc-
tion n, where n is a natural number) of the optical network 3.
Here, “directions or degrees” are a plurality of fiber routes
connected to the network apparatus 100, and means optical
paths going out toward a plurality of nodes in the optical
network 3 or optical paths incoming from a plurality of nodes
in the optical network 3 toward the network apparatus 100.

The network apparatus 100 includes an optical transceiver
group 120 including a plurality of optical transceivers 110
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having frequency characteristics. The network apparatus 100
allocates respective channels (frequencies) to the plurality of
optical transceivers 110 using Wavelength Division Multi-
plexing technology so as to set the respective optical paths.
The network apparatus 100 has a function to perform a mul-
tiplex separation or a multiplex add of wavelengths of the
optical paths used in optical communication.

In addition, although not shown, in the optical network
system 1, a plurality of nodes (not shown) are constructed on
the optical network 3. Each network apparatus 100 is installed
in each node. The network apparatus 100 sets optical paths
between nodes and controls communication.

The network apparatus 100 further includes a transceiver
aggregator 130, a switch 132, and an optical transceiver con-
trol unit 150.

As described above, a plurality of optical transceivers 110
are prepared and connected to the transceiver aggregator 130.
Then, the optical transceivers 110 in operation add or drop
optical signals in any frequency in any direction or degree to
the optical network 3, through the transceiver aggregator 130
and the switch 132.

As illustrated in FIG. 2, each optical transceiver 110
includes at least an optical transmission unit 112, an optical
reception unit 114, and a control unit 116.

The optical transmission unit 112 uses a frequency tunable
laser for DWDM/WDM communication and outputs the opti-
cal signals of any channel among channels standardized by
International Telecommunication Union Telecommunication
Standardization Sector (ITU-T). It is described that the
present exemplary embodiment uses a frequency tunable
laser having one frequency tuning parameter described in
Patent Document 2 (Japanese Patent No. 4596181) of the
applicant of the present invention. It is assumed that the
frequency tunable laser uses a liquid crystal and a filter
capable of adjusting transmission peak wavelength of the
liquid crystal by applying an electric voltage.

On the other hand, a frequency tunable filter (not shown) is
arranged as necessary in front of the optical reception unit
114, and thus the optical reception unit 114 selects and
receives only the frequency of any channel. The present
exemplary embodiment has been described by assuming that
the frequency tunable filter which is used for the frequency
tunable laser of Patent Document 2 is used as a frequency
tunable filter.

The control unit 116 controls the tuning parameters regard-
ing a setting frequency of'the optical transmission unit 112 or
the optical reception unit 114, according to the control of the
optical transceiver control unit 150 which will be described
later.

On the other hand, a standby optical transceiver group 122
(in FIG. 1, indicated with a broken line), including standby
transceivers 110 which are on standby and not connected to
the optical network 3 (FI1G. 1), is controlled by the control unit
116 according to the instruction from the optical transceiver
control unit 150, and thus the standby optical transceiver
group 122 is on standby in a state where the output thereof is
off so as to prevent the optical signal from leaking to the
optical network 3. Further, the control unit 116 sets the speci-
fied channels (referred to as “standby channel”) in the optical
transceivers 110 which are on standby, according to the
instruction from the optical transceiver control unit 150 (FIG.
1). Here, the standby channels are specified to the optical
transceivers 110 on standby, by the optical transceiver control
unit 150 so as to allocate frequencies different among a plu-
rality of optical transceivers 110 to the standby channels. In
this manner, since frequencies of the standby channels among
the optical transceivers 110 are shifted and set within a use
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band, it is possible to select the optical transceiver 110 having
the smallest frequency diftference between a setting channel
and a standby channel at the time of optical path setting when
the optical transceivers 110 are activated from the standby
state, thereby shortening the time required for change setting
of the frequency from the standby channel to the setting
channel. Thus, the optical path setting can be speeded up. The
setting frequency may be used not only in setting of the
frequency tunable laser of the optical transmission unit 112 of
the optical transceiver 110, but also in setting of the frequency
tunable filter of the optical reception unit 114, as necessary.

In addition, in a case where anything similar to the fre-
quency tunable filter (not shown) is arranged even in the
transceiver aggregator 130 (FIG. 1) and operates simulta-
neously with the optical transceiver 110, a control is per-
formed by the control unit 116 of each optical transceiver 110
in a similar manner to the corresponding optical transceiver
110.

In addition, although a tuning parameter for frequency
setting of each optical transceiver 110 is controlled according
to the instruction from the optical transceiver control unit 150,
the operation of each constitutional element of the optical
transceiver 110 according to the control is not related to the
essence of the present invention, such that a detailed descrip-
tion thereof will be not repeated in the following description.

FIG. 3 is a functional block diagram illustrating a configu-
ration of the optical transceiver control unit 150 of the net-
work apparatus 100 according to the exemplary embodiment
of the present invention. The optical transceiver control unit
150 senses connecting conditions to the network 3 (FIG. 1) of
the optical transceivers 110, and manages a usage status (such
as used or unused) of the optical transceiver group 120 (FIG.
1). In addition, the optical transceiver control unit 150 has a
function to control a standby status (when not used, during
standby, during setting, during stop, or the like) of the standby
optical transceiver and to manage channel setting that the
standby optical transceiver stands by (standby channel set-
ting), and a function to select which standby optical trans-
ceiver is used at the time of new path setting.

As illustrated in FIG. 3, the network apparatus according to
the exemplary embodiment of the present invention (optical
transceiver control unit 150 of the network apparatus 100) has
a plurality of transceivers (optical transceivers 110) each of
which has a frequency variable characteristic and communi-
cates on an allocated channel, a channel allocation unit 154
which allocates frequencies different from each other to chan-
nels of standby optical transceivers 110 that are not connected
to the network 3 and are set to a standby state, among the
plurality of optical transceivers 110, a tuning unit 158 which
tunes the standby optical transceivers 110 to the frequencies
of'the allocated channels by changing respective parameters,
and a selection unit 156 which preferentially selects and uses
an optical transceiver 110 having a short channel setting time
among the standby optical transceivers 110, when a path is
newly set in the network 3.

Specifically, the optical transceiver control unit 150
includes a channel allocation unit 154, a selection unit 156, a
tuning unit 158, and a memory 152 that stores an optical
transceiver management table 160 for managing optical
transceivers 110 which are on standby (hereinafter, referred
to as “standby optical transceiver”).

A memory area of the memory 152 holds the optical trans-
ceiver management table 160 for managing the standby opti-
cal transceivers as illustrated in FIG. 4. The optical trans-
ceiver control unit 150 manages the standby optical
transceiver group 122 (FIG. 1) based on table information of
the optical transceiver management table 160.
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As illustrated in FIG. 4, the optical transceiver manage-
ment table 160 of the present exemplary embodiment
includes a management number column 162 of all optical
transceivers 110 (FIG. 1) installed in the network apparatus
100 (FIG. 1) of the present exemplary embodiment, a state
column 164 that records the operation state, a standby chan-
nel setting column 166 indicating channels which are set in
the standby optical transceivers 110, and a corresponding
channel column 168 recording, when an optical path is newly
set, the corresponding channels to be set (range of frequency)
in association with which optical transceivers 110 on standby
are used.

Returning to FIG. 3, the channel allocation unit 154 allo-
cates channels (frequencies) different from each other to the
standby optical transceivers 110 that are not connected to the
network 3 (FIG. 1) and are set to a standby state, among the
plurality of transceivers 110. The number N of the standby
optical transceivers 110 which are unconnected is two or
more, and setting frequencies different from each other are set
to N units of unconnected standby optical transceivers 110.
The channel allocation unit 154 records the allocated chan-
nels in the standby channel setting column 166 of the optical
transceiver management table 160 (FIG. 4) stored in the
memory 152. In the present exemplary embodiment, chan-
nels of a plurality of standby optical transceivers are ran-
domly allocated using a random number function within the
range of its frequency range of the network apparatus 100.

In addition, the channel allocation unit 154 allocates the
range of the corresponding channel based on the relationship
between the frequency tuning parameter of the frequency
tunable filter or the frequency tunable laser of the optical
transceiver 110, and its allocated channel (frequency). The
details of the allocation will be described later. The channel
allocation unit 154 records the range of corresponding chan-
nels allocated to each standby optical transceiver 110 in the
corresponding channel column 168 of the optical transceiver
management table 160 stored in the memory 152.

The tuning unit 158 accesses the memory 152 and per-
forms tuning by controlling the parameter of each standby
optical transceiver 110 based on the channel settings which
are recorded in the standby channel setting column 166 of the
optical transceiver management table 160 of FIG. 4 and allo-
cated by the channel allocation unit 154 so as to set channels.
Here, the tuning parameter of the optical transceiver 110 is for
setting the frequency (channel) of the frequency tunable laser
or the frequency tunable filter, and includes for example, a
refractive index, an electric voltage, an electric current, or a
temperature of a medium of a semiconductor, a dielectric, a
liquid crystal, or the like. The tuning unit 158 controls the
tuning parameter of each optical transceiver 110 in an analog
manner. The present exemplary embodiment is configured of
only one kind of each of the frequency tunable laser or the
frequency tunable filter which is used in the optical trans-
ceiver 110.

In addition, after the channel setting of the optical trans-
ceiver 110 is ended, the tuning unit 158 controls the optical
signal output of the optical transceiver 110 to be turned off
and causes the optical transceiver 110 to be in a standby state.
Moreover, if a new optical path is added, the tuning unit 158
tunes an optical transceiver 110 used for the new path to the
channel of the new path, and then controls the optical signal
output to be turned on for being activated.

The selection unit 156 selects an optical transceiver 110 to
be used, when a new optical path is added. In the present
exemplary embodiment, the selection unit 156 accesses the
memory 152, and selects an optical transceiver 110 in the
channel range corresponding to the channel of the new optical
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path, by referring to the optical transceiver management table
160. In this manner, when the new optical path is set, the
selection unit 156 can preferentially select an unconnected
standby optical transceiver 110 which has a short frequency
setting time.

In addition, in FIG. 1, since the transceiver aggregator 130
and the switch 132 are not related to the essence of the present
invention, the detailed description thereof will be not
repeated. In the present exemplary embodiment, the switch
132 on the optical network 3 side has been formed of a
frequency selection switch or a splitter described in Non-
Patent Document 1.

In addition, for example, a configuration (wavelength path
de-multiplexer) described in another invention (Japanese
Patent Application No. 2010-213551) that has been filed by
the applicant of the present invention may be used for the
transceiver aggregator 130. The transceiver aggregator 130
includes sets of Arrayed Waveguide Gratings (AWG) and
optical matrix switches equal to the number of Add or Drop
directions or degrees of a Reconfigurable Optical Add/Drop
Multiplexer (ROADM), and further includes an optical
switch for switching directions or degrees equal to the num-
ber of transceivers to be accommodated. Then, the optical
matrix switch and the optical switch are connected, and thus
the connection between a predetermined direction or degree
and a predetermined transceiver may be established. In this
manner, the transceiver aggregator 130 enables the optical
transceivers 110 to be shared by the plurality of directions or
degrees. In addition, configurations other than the present
configuration are possible. For example, a configuration of a
transceiver aggregator using a plurality of WSSs described in
Non-Patent Document 1 is also possible.

In addition, respective constitutional elements of the net-
work apparatus 100 described above are achieved by any
combination of software and hardware of a computer includ-
ing a Central Processing Unit (CPU), a memory, a program
loaded in the memory for achieving the constitutional ele-
ments of the present drawing, a storage unit such as a hard
disk that stores the program, and an interface for network
connection. So, it will be appreciated by those skilled in the
art that there are various modifications to the achieving
method and device. Each drawing to be described below does
not show configurations in hardware units, but shows blocks
in functional units.

The computer program of the present exemplary embodi-
ment is described so as to cause a computer connected to a
plurality of transceivers 110 having frequency variable char-
acteristics to perform a procedure for allocating different
frequencies to the setting channels of standby optical trans-
ceivers 110 that are not connected to the network 3 and are set
to a standby state, among a plurality of transceivers (optical
transceivers 110) and a procedure for preferentially selecting
and using an optical transceiver 110 having a short channel
setting time among the standby optical transceivers 110,
when a path is newly set in the optical network 3.

The computer program of the present exemplary embodi-
ment may be recorded in a computer readable recording
medium. The recording medium is not particularly limited,
but various forms are considered. In addition, the program
may be loaded into the memory of the computer from the
recording medium, and may be downloaded to the computer
through the network and loaded into the memory.

The operation of the network apparatus 100 of the present
exemplary embodiment configured in this manner will be
described below.

FIG. 5 is a flowchart illustrating an example of the opera-
tions of the optical transceiver control unit 150 at the time of
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initial setting or at the time of change setting of the network
apparatus 100 of the present exemplary embodiment. Here-
inafter, the operations of the optical transceiver control unit
150 at the time of initial setting or at the time of change setting
of the network apparatus 100 of the present exemplary
embodiment will be described using FIGS. 1to 8. In addition,
the state of the optical transceiver management table 160 will
be described using FIGS. 6 to 8, and FIG. 4.

First, in the optical transceiver control unit 150, the channel
allocation unit 154 confirms the optical transceiver group 120
that is installed, and records the states of the optical trans-
ceivers 110 in the memory 152 (step S101). FIG. 6 shows an
example of the optical transceiver management table 160 in
the memory 152 of the optical transceiver control unit 150 at
this time. In this exemplary embodiment, the optical trans-
ceiver management table 160 is used, thereby detecting the
number of the unused optical transceivers 110. In general,
since the optical transceiver 110 is managed even in the
network control with other nodes, the management numbers
of the optical transceivers 110 and the management numbers
in the network control may be preferably common. Since the
network control is not related to the essence of the present
invention, the detailed description thereof will be not
repeated.

Next, the channel allocation unit 154 of the optical trans-
ceiver control unit 150 selects an optical transceiver(s) 110
that requires fast provisioning among unused optical trans-
ceivers 110 and manages the selected optical transceiver(s)
110 as the standby optical transceiver group 122 (step S103).
At this time, the channel allocation unit 154 of the optical
transceiver control unit 150 accesses the memory 152, and as
illustrated in FIG. 7, changes the state column 164 in the
optical transceiver management table 160 from “unused” to
“standby”. In this manner, the optical transceiver control unit
150 manages the state of the selected optical transceiver (s)
110 and refers to the optical transceiver management table
160, thereby confirming the number N of the optical trans-
ceivers 110 which are on standby.

In addition, in the present exemplary embodiment, it is
assumed that all unused optical transceivers 110 are optical
transceivers 110 which are on standby. Thus, when the optical
path is changed, the control of the optical transceivers 110
which are on standby can be simplified and low cost and low
power consumption in the system can be achieved.

However, only a part of the unused optical transceivers 110
may be made the optical transceivers 110 which are on
standby. In this case, the control becomes complicated. How-
ever, it is possible to employ a method that is described in
another invention that the present inventor has filed (Japanese
Patent Application No. 2010-271150). In this method, it is
possible to combine a control to set only a part of the unused
optical transceivers 110 to a fast bootable standby state and a
control to set remaining unused optical transceivers 110 to a
standby mode in which electric power is further dropped.
Therefore, the electric power suppression of the network
apparatus 100 becomes possible. In addition, the number of
the optical transceivers that stands by in the fast bootable
standby state is optimized according to the communication
situation, so that it is possible to reduce effective energy
consumption of the entire optical network 3.

Next, the tuning unit 158 of the optical transceiver control
unit 150 performs an initial setting to a standby state with
respect to the standby optical transceiver group 122 (step
S105). At this time, the standby optical transceiver group 122
keeps all optical outputs in off state.

Then, the channel allocation unit 154 of the optical trans-
ceiver control unit 150 allocates frequency of the frequency
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tunable laser or the frequency tunable filter within the respec-
tive network apparatus 100 (step S107). In the frequency
allocation, the setting frequencies of respective optical trans-
ceivers 110 are shifted and set not to be overlapped.

Here, in the present exemplary embodiment, the channel
allocation unit 154 allocates the frequencies of the frequency
tunable filter and the frequency tunable laser within each
standby optical transceiver 110. The channel allocation unit
154 randomly allocates the channels of the plurality of
standby optical transceivers 110 within the range of its fre-
quency range of the corresponding network apparatus 100.
The random number function may be used in order for the
frequencies which are set in respective standby optical trans-
ceivers 110 not to overlap. The random number function
randomly extracts numeric values so as not to be overlapped,
from an integer string corresponding to the channel number of
the corresponding ITU-T in the network apparatus 100, to the
optical transceiver control unit 150.

The channel allocation unit 154 extracts the number of
random numbers equal to the number of the standby optical
transceivers using the random number function, and sets a
different frequency for each standby optical transceiver based
on the numeric value. Then, the channel allocation unit 154
accesses the memory 152, and as illustrated in FIG. 8, records
the frequencies that are set in the standby channel setting
column 166 of the optical transceiver management table 160.
In addition, in the present exemplary embodiment, the setting
frequency of each standby optical transceiver 110 is shifted so
as not to be overlapped in order to speed up the optical path
setting, but the random number control becomes compli-
cated. Note that the complexity of the present control is inde-
pendent of the optical path setting time. Therefore, it is also
possible to simplify the control by allowing partial overlap-
ping.

Then, the channel allocation unit 154 determines which
standby optical transceiver is to be allocated with the channel
at the time of new path setting, based on the relationship
between the channel and frequency tuning parameters of the
frequency tunable laser and frequency tunable filter (step
S109). This allocation is performed so as to reduce the
amount of the tuning parameters when switching from each
standby optical transceiver 110 to the channel for the new
path setting. It will be described in detail later. The channels
that are allocated in step S109 are recorded in the correspond-
ing channel column 168 of the optical transceiver manage-
ment table 160 as illustrated in FIG. 4.

FIG. 9 shows a relationship between channels and the
frequency tuning parameters (voltage) (in FIG. 9, shown as
“wavelength tuning parameter”) in the frequency tunable fil-
ter or the frequency tunable laser used in the present exem-
plary embodiment. In FIG. 9, the standby channel of each
standby optical transceiver shown in the optical transceiver
management table 160 of FIG. 8 is indicated as a broken line.
The frequency tuning parameter value (voltage) of each chan-
nel is compared with the frequency tuning parameter value at
the standby channel of each standby optical transceiver, and
allocation is determined so as for a parameter difference to be
minimum. The ranges of the allocated channels are recorded
in the corresponding channel column 168 of the optical trans-
ceiver management table 160 as illustrated in FIG. 4.

In addition, allocation is derived using the relationship
between the selection frequencies and the tuning parameters
of all frequency tunable filters or all frequency tunable lasers
in this exemplary embodiment, but other methods may be
applied. For example, the channels of the standby optical
transceivers may be allocated based on the relationship
between the channel and one frequency tuning parameter of
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the frequency tunable filter or the frequency tunable laser
when the same kind of frequency tunable filter or frequency
tunable laser is used. Alternatively, the allocation may be
performed using an average property thereof. Otherwise, by
linearly approximating the relationship between frequency
tuning parameters and the selection frequencies, allocation
may be determined based on only the channel difference. The
control is simplified by these methods, thereby enabling the
control cost to be reduced.

In addition, since the frequency tunable filter used in each
optical transceiver 110 has the same configuration like the
present exemplary embodiment, it is not necessary to perform
the calculation of the tuning parameter individually, such that
control is simplified and that speeding-up and control cost
reduction can be achieved. At least, the respective frequency
tunable filters of a transmitter and a receiver in the optical
transceivers 110 are unified, so that control is simplified and
the speeding-up and control cost reduction can be achieved.
In addition, when a plurality of different frequency tunable
filters are used and the operation speeds are different, only the
frequency tunable filter having a slow operation speed is
controlled, so that control is simplified and the speeding-up
and control cost reduction can be achieved.

Next, the operation when optical paths are added or deleted
in the network apparatus 100 according to the present exem-
plary embodiment will be described with reference to FI1G. 1,
FIG. 3, FIG. 4, and FIGS. 10 to 12. FIG. 10 is a flowchart
illustrating the operation at the time of the optical path setting
of the optical transceiver control unit of the network appara-
tus according to the exemplary embodiment of the present
invention. FIGS. 11 and 12 are diagrams showing examples
of the optical transceiver management table after the optical
paths are set in the exemplary embodiment of the present
invention.

First, the channel allocation unit 154 of the optical trans-
ceiver control unit 150 confirms commands relating to the
optical path setting from the network control unit (not shown)
(step S201). Here, in a case of a command to add an optical
path, the process proceeds to step S203, while in a case of a
command to delete an optical path, the process proceeds to
step S211. In addition, the network control unit is intended to
control remotely a plurality of network apparatuses 100 on
the optical network 3 so as to control communication. Since
the control ofthe optical path setting from the network control
unit is not related to the essence of the present invention, a
detailed description thereof will be not repeated.

In a case of the command to add an optical path, the
selection unit 156 of the optical transceiver control unit 150
selects a standby optical transceiver in step S203 in which the
change amount in the tuning parameter is the smallest. In the
present exemplary embodiment, the selection is performed
based on the installed optical transceiver management num-
ber column 162 of the optical transceiver management table
160 illustrated in FIG. 4. For example, in a case of setting a
new path of channel 40 (A40), the selection unit 156 accesses
the memory 152 and selects the optical transceiver No. 6 of
which 240 is included in the corresponding channel range in
the corresponding channel column 168 of the optical trans-
ceiver management table 160. In addition, in a case of setting
a new path of channel 10 (A10), the selection unit 156 selects
the optical transceiver No. 7 of which A10 is included in the
corresponding channel range in the corresponding channel
column 168 of the optical transceiver management table 160.

Next, the tuning unit 158 of the optical transceiver control
unit 150 sets the channel by tuning the standby optical trans-
ceiver 110 to the channel used in the new path (step S205).
Then, the tuning unit 158 of the optical transceiver control
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unit 150 activates the standby optical transceiver (step S207).
The output of the optical signal, that has been controlled to be
turned off during standby, is controlled to be turned on.

Then, the channel allocation unit 154 of the optical trans-
ceiver control unit 150 accesses the memory 152 and updates
the optical transceiver management table 160 (step S217).
Here, the update result of the optical transceiver management
table 160 at the time of setting of the new path of channel 40
is illustrated in FIG. 11. The state column 164 of the used
optical transceiver No. 6 is changed from “standby” to the
used state (denoted as “activated” in the drawing), and the
corresponding channels of the optical transceiver No. 5 and
the optical transceiver No. 9 that are on standby in the channel
closest to A40 are respectively modified, such that the optical
transceiver management table 160 is updated. This update
method is the same as the method described in step S109 in
FIG. 5.

Next, a case of deleting an optical path will be described.

First, in step S211, the tuning unit 158 of the optical trans-
ceiver control unit 150 causes the optical transceiver to
become anunused state by turning off the optical output of the
optical transceiver to be deleted. Here, a case of stopping the
optical transceiver No. 1 will be described.

Next, the tuning unit 158 of the optical transceiver control
unit 150 makes the optical transceiver 110 in the unused state
to be in a standby state as necessary. In order to make and
manage all unused optical transceivers to be in a standby state
in this exemplary embodiment, the tuning unit 158 of the
optical transceiver control unit 150 makes the optical trans-
ceiver No. 1 in the unused state in step S211 to be in a standby
state as an initial setting (step S213). The initial setting is the
same as that of step S105 in FIG. 5.

Next, the tuning unit 158 of the optical transceiver control
unit 150 allocates channels to the standby optical transceivers
that are newly joined (step S215). Allocated channels are
determined using the random number function described in
step S107 of FIG. 5. Here, as illustrated in FIG. 12, A60 is
allocated.

Then, the tuning unit 158 records the changing points
obtained in steps S211 to S215 in the optical transceiver
management table 160 stored in the memory 152 so as to be
updated (step S217). As an example, the update result of the
optical transceiver management table 160 when the optical
path that has been formed for the optical transceiver No. 1 is
deleted and the standby channel is allocated with A60 in step
S215 is illustrated in FIG. 12.

At this time, with respect to the standby channel 160 of the
optical transceiver No. 1 which is newly on standby, corre-
sponding channels of the optical transceiver on standby in the
closest frequencies on a long frequency side and a short
frequency side respectively are modified. In this case, the
corresponding channels of the optical transceiver No. 5 and
optical transceiver No. 6 are modified. For example, although
the corresponding channels of the optical transceiver No. 5
have been A63 to A84 in FIG. 4, the corresponding channels
are updated to A68 to A84 as seen in FIG. 12. In addition, the
corresponding frequencies are determined by the method
described in step S109 of FIG. 5.

In addition, although the transceiver aggregator 130 and
the switch 132 also perform control at the time of optical path
setting, since the control of the transceiver aggregator 130 and
the switch 132 are not related to the essence of the present
invention, the description thereof will not be repeated.

In the present exemplary embodiment, shortening a time
for setting a new optical path can be achieved.

For example, in a case where a standby optical transceiver
is not prepared, large delay occurs in changing the tuning
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parameters. In addition, even if the standby optical trans-
ceiver is prepared, it is regarded that the standby channel is
fixed, for example, the standby optical transceiver has been
installed in the situation that the standby channel is fixed to in
the channel 1 corresponding to the end of the frequency band
used as an initial setting frequency. In that case, as illustrated
in FIG. 13 (a), when a frequency is set to an end (channel 84)
of another frequency band, the changing width of the fre-
quency is large, so it takes time to change the tuning param-
eter and large delay occurs.

However, in the network apparatus 100 according to the
exemplary embodiment of the present invention, as illustrated
in FIG. 13(b), the setting frequencies of the standby optical
transceiver group 122 are discretely arranged within its fre-
quency range corresponding to the network apparatus 100.
Then, the standby optical transceiver of which changing
amount in the turning parameter is small is selected, so that
the changing amount of the tuning parameter is suppressed to
be small at the high probability and optical path setting time
is shortened. In FIG. 13(5), the optical transceiver No. 5 is
selected and a frequency is set from channel 74 to channel 84,
so that as compared with the case in FIG. 13(a), it is under-
stood that the changing width of the frequency setting is
significantly reduced.

In the above-described configuration, a method of control-
ling the network apparatus 100 of the present exemplary
embodiment is method of controlling a network in which the
network apparatus 100 that controls a plurality of transceivers
(optical transceivers 110) having frequency variable charac-
teristics, including: allocating different frequencies to the
setting channels of the standby optical transceivers 110 that
are not connected to the network 3 and are set to a standby
state among the plurality of transceivers 110; tuning the
standby optical transceivers 110 to the frequencies of the
allocated channels by changing respective parameters; and
preferentially selecting and uses an optical transceiver 110
having a short channel setting time among the standby optical
transceivers 110 when a path is newly set in the optical net-
work 3.

As described above, according to the optical network sys-
tem 1 and the network apparatus 100 in the exemplary
embodiment of the present invention, there is an effect to
achieve a network apparatus 100 in which the change amount
in the frequency tuning parameter to change the frequency
can be suppressed to be small, the change time is shortened,
and an optical path can be set at a high speed when the
unconnected standby optical transceivers are used in setting a
new optical path.

In addition, it is possible to use existing transceivers, and
thus to build a system at a low cost. Further, the control of the
unconnected standby optical transceivers can be simplified,
and both speeding-up and cost reduction of the optical path
setting are possible.

Second Exemplary Embodiment

In an optical network system of the present exemplary
embodiment, a frequency setting method of a frequency tun-
able laser or a frequency tunable filter which is on standby
within the network apparatus 100 is different from the above
exemplary embodiment. Specifically, the network apparatus
100 of the present exemplary embodiment is different from
the above exemplary embodiment in that the channels of the
standby optical transceivers are set at the same interval with
respect to the frequency band Af corresponding to the net-
work apparatus 100. This is related to the step of S109 of FIG.
5 of the above exemplary embodiment.
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The network apparatus of the present exemplary embodi-
ment has the same configuration as the network apparatus 100
of'the above exemplary embodiment described with reference
to FIGS. 1 to 5§ and FIG. 10. Description shall be made using
the same drawings even in the present exemplary embodi-
ment.

In the network apparatus 100 according to the exemplary
embodiment of the present invention, when a plurality of
standby optical transceivers are present among the plurality
of optical transceivers 110, the channel allocation unit 154
respectively sets the setting channels of the standby optical
transceivers of N units (N is an integer of two or more) in
respective configurable frequencies closest to center frequen-
cies of frequency ranges Afi (i is an integer of 1 to N+1)
obtained by dividing a frequency range Af of the network
apparatus 100 by the number N.

Specifically, the channel allocation unit 154 allocates the
channels of the standby optical transceivers at the same inter-
val with respect to the frequency band Af corresponding to the
network apparatus 100. In addition, each channel of DWDM
is standardized by the ITU and has the constant frequency
interval.

The frequency setting method is described assuming that
the number of the standby optical transceivers is N. First, the
frequency band covering channel 1 to channel 90 is consid-
ered as the frequency band Af. Next, the frequency band Afis
divided by the number N. The channels in the vicinity of the
center frequencies of the divided frequency bands Afi (i is an
integer from 1 to N) are regarded as setting channels of
respective standby optical transceivers, and are recorded in
the standby channel setting column 166 of the optical trans-
ceiver management table 160 stored in the memory 152 by the
channel allocation unit 154. In addition, the channel alloca-
tion unit 154 records the channel range within the frequency
band Afi as the corresponding channels in the corresponding
channel column 168 of the optical transceiver management
table 160 stored in the memory 152. FIG. 14 shows a channel
setting example when N=9.

According to the optical network system of the exemplary
embodiment of the present invention, an effect similar to that
of'the above-described exemplary embodiment is shown, and
because the setting frequencies of the standby optical trans-
ceiver group are evenly distributed as compared with the case
of FIG. 13 (a), the tuning parameter amount for frequency
setting is reduced to about one-Nth. Thus, shortening of time
for setting an optical path newly is achieved. Further, since a
simple control similar to the above exemplary embodiment is
performed in the present exemplary embodiment, shortening
of the control time and cost reduction is possible.

Third Exemplary Embodiment

In an optical network system of the present exemplary
embodiment, a frequency setting method of a frequency tun-
able laser or a frequency tunable filter which is on standby
within the network apparatus 100 is different from the above
exemplary embodiments. Specifically, a network apparatus
100 of the above exemplary embodiment is different from that
of'the above exemplary embodiment in that frequency tuning
parameter values of standby optical transceivers are set at the
same interval with respect to setting range of the frequency
tuning parameter. This is related to the procedure of step S109
of FIG. 5 of the above exemplary embodiment.

The network apparatus of the present exemplary embodi-
ment has the same configuration as the network apparatus 100
of'the above exemplary embodiment described with reference
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to FIGS. 1 to 5 and FIG. 10. Description shall be made in the
present exemplary embodiment by using the same configu-
ration diagram.

In the network apparatus 100 according to the exemplary
embodiment of the present invention, when a plurality of
standby optical transceivers are present among a plurality of
optical transceivers 110, it is assumed that the number of the
plurality of standby transceivers is N units (N is an integer of
two or more), the channel allocation unit 154 divides the
frequency tuning parameter range of parameters necessary
for tuning a frequency range Af of the network apparatus 100
by the number N, and sets the frequencies of the channels of
N units of standby optical transceivers as the center values of
N parts of divided frequency tuning parameter ranges.

In the present exemplary embodiment, the channel alloca-
tion unit 154 sets the frequency tuning parameter values of
standby optical transceivers at regular intervals with respect
to the setting range of the tuning parameter. The frequency
channel setting method is described assuming that the num-
ber of the standby optical transceivers is N units. The tuning
parameter range is first divided by the number N. The standby
optical transceivers are set to corresponding closest channels
in the vicinity of the center values of the divided respective
tuning parameter bands. FIG. 15 shows a channel setting
example when N=5. In addition, the allocation range of the
corresponding channels to be recorded in the corresponding
channel column 168 of the optical transceiver management
table 160 is the same as the above exemplary embodiment.

According to the network apparatus in the exemplary
embodiment of the present invention, since the setting chan-
nels of the standby optical transceiver group are arranged at
the same interval with respect to the tuning parameter, the
tuning parameter amount for the frequency setting is sup-
pressed to one Nth or less. Thus, shortening of time for setting
an optical path newly is achieved. Further, since a simple
control similar to the above exemplary embodiment
described using FIG. 14 is performed in the network appara-
tus of the present exemplary embodiment, shortening of the
control time and cost reduction is also possible.

In addition, although description has been made assuming
that there is one tuning parameter in the present exemplary
embodiment, the present exemplary embodiment is appli-
cable even to a frequency tunable laser or a frequency tunable
filter in which the number of tuning parameters is two or
more. However, dividing all tuning parameters equally is
complicated for control. In contrast, preferentially dividing
the parameters having large tuning parameter delay results in
both control simplification and tuning time reduction.

As described above, according to the optical network sys-
tem in the exemplary embodiment of the present invention,
the same effect as the above exemplary embodiment is
achieved.

Fourth Exemplary Embodiment

An optical network system 200 of the present exemplary
embodiment is different from the above exemplary embodi-
ment in that the optical network system 200 further includes
a network management control unit 210 that manages com-
munication with each node. In addition, the optical network
system 200 of the present exemplary embodiment may be
applied in any configuration of the above exemplary embodi-
ments.

The basic configuration of the optical network system 200
according to the exemplary embodiment of the present inven-
tion is illustrated in FIG. 16. The network apparatus 100
according to the exemplary embodiment of the present inven-
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tion further includes an acquisition unit (network manage-
ment control unit 210) that acquires information relating to
unoccupied channel that can be newly set in the network 3 in
the network apparatus 100 and a determination unit (not
shown, it may be included in the channel allocation unit 154)
that sets a frequency range Afa that can be obtained based on
the acquired information relating to unoccupied channel and
determines the channels of the N units of standby optical
transceivers 110 based on the Afa instead of the Af, and the
channel allocation unit 154 sets the determined channels of
the N units of standby optical transceivers 110.

Specifically, the optical network system 200 of the present
exemplary embodiment includes a transceiver aggregator
130, a switch 132, a plurality of optical transceivers 110, and
an optical transceiver control unit 150 in the same manner as
the network apparatus 100 of the above exemplary embodi-
ment, and further includes a network management control
unit 210 that manages communication with each node.

The network management control unit 210 obtains infor-
mation relating to unoccupied channel regarding each direc-
tion or degree from the control plane 202 which controls
between neighboring nodes and the whole network, and pro-
vides the information relating to unoccupied channel to the
optical transceiver control unit 150. The channel allocation
unit 154 of the optical transceiver control unit 150 senses
channels which can set new paths, based on the information
relating to unoccupied channel. The channel allocation unit
154 extracts the channel range that can be taken from the
information relating to unoccupied channel, and sets the fre-
quencies of the standby optical transceivers based on the
channel range. In addition, for the operation procedures of the
present exemplary embodiment, procedures similar to the
operation of the above exemplary embodiment except for
setting the frequency range may be used.

Thus, it becomes possible to suppress the frequency setting
range to be small depending on the use status of the network,
and tuning time can be speeded up.

Inaddition, when the number of the unoccupied channels is
equal to or smaller than the number of standby optical trans-
ceivers, it is possible to set the setting channels of the standby
optical transceivers to the unoccupied channels. Thus, tuning
time is no longer required, and optical path setting can be
speeded up.

As described above, according to the optical network sys-
tem 200 in the exemplary embodiment of the present inven-
tion, the same effect as the exemplary embodiment is
achieved, the frequency setting range can be suppressed to be
small depending on the use status of the network and a tuning
time can be further speeded up.

Although the foregoing description has been made about
exemplary embodiments of the present invention with refer-
ence to drawings, these are illustrative of the present inven-
tion and it is possible to employ various configurations other
than the above configuration.

For example, in the above exemplary embodiments, the
optical network system using wavelength division multiplex-
ing technology has been described, but is not limited thereto.
The above exemplary embodiments are applicable to all sys-
tems using a multiplexing technology and all systems imple-
menting multiplex by analog technology.

Considering application to the wavelength division multi-
plexing technology, the above exemplary embodiments are
applicable to an optical communication system and a wireless
communication system in general.

In addition, the selection unit 156 may preferentially select
an optical transceiver closest to the frequency of the channel
of the path to be newly set from the frequencies of the chan-
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nels of standby optical transceivers to which the channel
allocation unit 154 has allocated the channels.

According to this configuration, it is not necessary to con-
sider the tuning parameter in the update process of the chan-
nel allocation of the optical transceiver management table
160 after the selection, and the process can be simplified.

while the invention has been particularly shown and
described with reference to exemplary embodiments and
examples thereof, the invention is not limited to these exem-
plary embodiments and examples. It will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
sprit and scope of the present invention as defined by the
claims.

The present invention may include following aspects.
(Supplementary Note 1)

A network apparatus including:

a plurality of transceivers each of which has a frequency
variable characteristic and communicates on an allocated
channel;

a channel allocation unit which allocates frequencies dif-
ferent from each other to channels of standby transceivers that
are not connected to a network and are set to a standby state,
among the plurality of transceivers;

a tuning unit which tunes the standby transceivers to the
frequencies of the allocated channels by changing respective
parameters; and

a selection unit which preferentially selects and uses a
transceiver having a short channel setting time among the
standby transceivers, when a path is newly set in the network.
(Supplementary Note 2)

The network apparatus according to Supplementary note 1,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channel allo-
cation unit randomly allocates the channels of the plurality of
standby transceivers within a range of a frequency range of
the network apparatus.

(Supplementary Note 3)

The network apparatus according to Supplementary note 1,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channel allo-
cation unit randomly allocates the channels of the plurality of
standby transceivers so as not to be overlapped within a range
of a frequency range of the network apparatus.
(Supplementary Note 4)

The network apparatus according to Supplementary note 1,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channel allo-
cation unit respectively sets the channels of the standby trans-
ceivers of N units (N is an integer of two or more) in respective
configurable frequencies closest to center frequencies of fre-
quency ranges Afi (i is an integer of 1 to N+1) obtained by
dividing a frequency range Af of the network apparatus by the
number N.

(Supplementary Note 5)

The network apparatus according to Supplementary note 1,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the number of the
plurality of standby transceivers is set to N units (N is an
integer of two or more), and

in which the channel allocation unit divides a frequency
tuning parameter range of the parameter required for tuning
the frequency range Af of the network apparatus into N parts
and sets the frequencies of the channels of N units of standby
transceivers to center values of the frequency tuning param-
eter ranges which are divided into N parts.
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(Supplementary Note 6)

The network apparatus according to any one of Supple-
mentary notes 2 to 5, further including:

an acquisition unit which acquires information relating to
unoccupied channels that can be newly set in the network of
the network apparatus; and

a determination unit which sets a frequency range Afa that
can be obtained based on the acquired information relating to
unoccupied channels, and determines the channels of the N
units of standby transceivers based on the Afa instead of the
Af,

in which the channel allocation unit sets the channels of the
N units of standby transceivers determined by the determina-
tion unit.
(Supplementary Note 7)

The network apparatus according to any one of Supple-
mentary notes 1 to 6,

in which the selection unit preferentially selects a trans-
ceiver of which frequency is closest to the frequency of the
channel of the path that is newly set, from the frequencies of
the channels of the standby transceivers of which channels are
allocated by the channel allocation unit.
(Supplementary Note 8)

The network apparatus according to any one of Supple-
mentary notes 1 to 7,

in which the transceiver is an optical transceiver, and

in which the network apparatus further includes an optical
transceiver aggregator having a matrix switch that can con-
nect any optical transceiver in any optical frequency to any
optical fiber of an optical fiber group formed by a plurality of
optical fibers connected to a plurality of different network
apparatuses, and the plurality of optical transceivers are con-
nected to the optical transceiver aggregator.
(Supplementary Note 9)

The network apparatus according to any one of Supple-
mentary notes 1 to 8,

in which the transceiver includes only one kind of fre-
quency tunable laser.
(Supplementary Note 10)

The network apparatus according to any one of Supple-
mentary notes 1 to 9,

in which the transceiver includes only one kind of fre-
quency tunable filter.
(Supplementary note 11)

The network apparatus according to any one of Supple-
mentary notes 1 to 10,

in which the transceiver includes a variable frequency
selection device which selects one frequency from a plurality
of frequencies, and

in which the variable frequency selection device has one
frequency tuning parameter.
(Supplementary Note 12)

The network apparatus according to Supplementary note
11,

in which the channel allocation unit allocates a channel of
the standby transceiver, based on a relationship between a
frequency tuning parameter and a channel of the variable
frequency selection device being used.
(Supplementary Note 13)

The network apparatus according to Supplementary note
11,

in which the channel allocation unit allocates a channel of
the standby transceiver, based on a relationship between one
frequency tuning parameter and a channel of the variable
frequency selection device being used, with a transceiver of
the same kind of the variable frequency selection device.
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(Supplementary Note 14)

A network system using the network apparatus according
to any one of Supplementary notes 1 to 13.

(Supplementary Note 15)

A method of controlling a network executed by a network
apparatus which controls a plurality of transceivers having a
frequency variable characteristic, including

allocating frequencies different from each other to setting
channels of standby transceivers that are not connected to a
network and are set to a standby state, among the plurality of
transceivers;

tuning the standby transceivers to the frequencies of the
allocated channels by changing respective parameters; and

preferentially selecting and using a transceiver having a
short channel setting time among the standby transceivers,
when a path is newly set in the network.

(Supplementary Note 16)

The method of controlling a network according to Supple-
mentary note 15,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channels of
the plurality of standby transceivers are randomly allocated
within a range of a frequency range of the network apparatus.
(Supplementary Note 17)

The method of controlling a network according to Supple-
mentary note 15,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channels of
the plurality of standby transceivers are randomly allocated
s0 as not to be overlapped within a range of a frequency range
of the network apparatus.

(Supplementary Note 18)

The method of controlling a network according to Supple-
mentary note 15,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the channels of
the standby transceivers of N units (N is an integer of two or
more) are set in respective configurable frequencies closest to
center frequencies of frequency ranges Afi (iis an integer of 1
to N+1) obtained by dividing a frequency range Af of the
network apparatus by the number N.

(Supplementary Note 19)

The method of controlling a network according to Supple-
mentary note 15,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the number of the
plurality of standby transceivers is set to N units (N is an
integer of two or more), and

in which a frequency tuning parameter range of the param-
eter required for tuning the frequency range Af of the network
apparatus is divided into N parts and the frequencies of the
channels of N units of standby transceivers are set to center
values of the frequency tuning parameter ranges which are
divided into N.

(Supplementary Note 20)

The method of controlling a network according to any one
of Supplementary notes 16 to 19, further including:

acquiring information relating to unoccupied channels that
can be newly set in the network of the network apparatus;

setting a frequency range Afa that can be obtained based on
the acquired information relating to unoccupied channels;

determining the channels of the N units of standby trans-
ceivers based on the Afa instead of the frequency range Af of
the network apparatus; and

setting the determined channels of the N units of standby
transceivers.
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(Supplementary Note 21)

The method of controlling a network according to any one
of Supplementary notes 15 to 20,

in which a transceiver, of which frequency is closest to the
frequency of the channel of the path that is newly set, is
preferentially selected, from the frequencies of the channels
of the standby transceivers of which channels are allocated.
(Supplementary Note 22)

A program causing a computer which is connected to a
plurality of transceivers having frequency variable character-
istics and achieves a network apparatus to perform:

a procedure for allocating frequencies different from each
other to setting channels of standby transceivers that are not
connected to a network and are set to a standby state, among
the plurality of transceivers;

a procedure for tuning the standby transceivers to the fre-
quencies of the allocated channels by changing respective
parameters; and

a procedure for preferentially selecting and using a trans-
ceiver having a short channel setting time among the standby
transceivers, when a path is newly set in the network.
(Supplementary Note 23)

The program according to Supplementary note 22, further
causing the computer to perform a procedure for randomly
allocating the channels of the plurality of standby transceivers
within a range of a frequency range of the network apparatus
when a plurality of standby transceivers are present among
the plurality of transceivers.

(Supplementary Note 24)

The program according to Supplementary note 22, further
causing the computer to perform a procedure for randomly
allocating the channels of the plurality of standby transceivers
s0 as not to be overlapped within a range of a frequency range
of the network apparatus when a plurality of standby trans-
ceivers are present among the plurality of transceivers.
(Supplementary Note 25)

The program according to Supplementary note 22, further
causing the computer to perform a procedure for setting the
channels of the standby transceivers of N units (N is an integer
of'two or more) in respective configurable frequencies closest
to center frequencies of frequency ranges Afi (iis an integer of
1 to N+1) obtained by dividing a frequency range Af of the
network apparatus by the number N when a plurality of
standby transceivers are present among the plurality of trans-
ceivers.

(Supplementary Note 26)

The program according to Supplementary note 22,

in which when a plurality of standby transceivers are
present among the plurality of transceivers, the number of the
plurality of standby transceivers is set to N units (N is an
integer of two or more), and the program further causing the
computer to perform a procedure for dividing a frequency
tuning parameter range of the parameter required for tuning
the frequency range Af of the network apparatus by N parts
and to set the frequencies of the channels of N units of standby
transceivers to center values of the frequency tuning param-
eter ranges which are divided into N parts.

(Supplementary Note 27)

The program according to any one of Supplementary notes
23 to 26, further causing the computer to perform:

a procedure for acquiring information relating to unoccu-
pied channels that can be newly set in the network of the
network apparatus;

a procedure for setting a frequency range Afa that can be
obtained based on the acquired information relating to unoc-
cupied channels;
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a procedure for determining the channels of the N units of
standby transceivers based on the Afa instead of the frequency
range Af of the network apparatus; and

a procedure for setting the determined channels of the N
units of standby transceivers determined in the determining.
(Supplementary Note 28)

The program according to any one of Supplementary notes
221027, aprocedure for preferentially selecting a transceiver,
of which frequency is closest to the frequency of the channel
of the path that is newly set, from the frequencies of the
channels of the standby transceivers of which channels are
allocated in the allocating of channel.

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2011-166222,
filed on Jul. 29, 2011, the disclosure of which is incorporated
herein in its entirety by reference.

What is claimed is:

1. A network apparatus comprising:

a plurality of transceivers each of which has a frequency
variable characteristic and communicates on an allo-
cated channel;

a channel allocation unit which allocates frequencies dif-
ferent from each other to channels of standby transceiv-
ers that are not connected to a network and are set to a
standby state, among the plurality of transceivers;

a tuning unit which tunes the frequencies of the standby
transceivers to the frequencies of the allocated channels
by changing respective parameters; and

a selection unit which, when a path is newly set by setting
a specific frequency on any one of the standby transceiv-
ers so as to connect the standby transceiver to the net-
work, preferentially selects and uses a transceiver hav-
ing a shortest channel setting time required for change
setting of the specific frequency among the standby
transceivers.

2. The network apparatus according to claim 1,

wherein when a plurality of the standby transceivers are
present among the plurality of transceivers, the channel
allocation unit randomly allocates the channels of the
plurality of standby transceivers within a range of a
frequency range of the network apparatus.

3. The network apparatus according to claim 2, further

comprising:

an acquisition unit which acquires information relating to
unoccupied channels that can be newly set in the net-
work of the network apparatus; and

a determination unit which sets a frequency range Afa that
can be obtained based on the acquired information relat-
ing to unoccupied channels, and determines the chan-
nels of the N units of standby transceivers based on the
Afa instead of the frequency range Af of the network
apparatus,

wherein the channel allocation unit sets the channels of the
N units of standby transceivers determined by the deter-
mination unit.

4. The network apparatus according to claim 1,

wherein when a plurality of the standby transceivers are
present among the plurality of transceivers, the channel
allocation unit randomly allocates the channels of the
plurality of standby transceivers so as not to be over-
lapped within a range of a frequency range of the net-
work apparatus.

5. The network apparatus according to claim 1,

wherein when a plurality of the standby transceivers are
present among the plurality of transceivers, the channel
allocation unit sets the channels of N units of the standby
transceivers (N is an integer of two or more) in respective
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configurable frequencies closest to center frequencies of
frequency ranges Afi (i is an integer of 1 to N+1)
obtained by dividing a frequency range Af of the net-
work apparatus by the number N.

6. The network apparatus according to claim 1,

wherein when a plurality of the standby transceivers are
present among the plurality of transceivers, the number
of the plurality of standby transceivers is assumed to be
N units (N is an integer of two or more), and

wherein the channel allocation unit divides a frequency
tuning parameter range of the parameter required for
tuning the frequency range Af of the network apparatus
into N parts and sets the frequencies of the channels of
the N units of standby transceivers to center values of the
frequency tuning parameter ranges which are divided
into N parts.

7. The network apparatus according to claim 1,

wherein the selection unit preferentially selects a trans-
ceiver of which frequency is closest to the frequency of
the channel of the path that is newly set, from the fre-
quencies of the channels of the standby transceivers of
which channels are allocated by the channel allocation
unit.

8. The network apparatus according to claim 1,

wherein the transceivers are optical transceivers, and

wherein the network apparatus further comprises an opti-
cal transceiver aggregator having a matrix switch that
can connect any optical transceiver in any optical fre-
quency to any optical fiber of an optical fiber group
formed by a plurality of optical fibers connected to a
plurality of different network apparatuses, and the plu-
rality of optical transceivers are connected to the optical
transceiver aggregator.

9. The network apparatus according to claim 1,

wherein said selection unit further selects a standby optical
transceiver in which the change amount in the tuning
parameter is the smallest.

10. The network apparatus according to claim 1,

wherein said selection unit selects the standby optical
transceiver which has a frequency having the smallest
difference from that of the path newly set.

11. A network system using a network apparatus, the net-

work apparatus comprising:

a plurality of transceivers each of which has a frequency
variable characteristic and communicates on an allo-
cated channel,

a channel avocation unit which allocates frequencies dif-
ferent from each other to channels of standby transceiv-
ers that are not connected to a network and are set to a
standby state, among the plurality of transceivers;

a tuning unit which tunes the frequencies of the standby
transceivers to the frequencies of the allocated channels
by changing respective parameters; and

a selection unit which, when a path is newly set by setting
a specific frequency on any one of the standby transceiv-
ers so as to connect the standby transceiver to the net-
work, preferentially selects and uses a transceiver hav-
ing a shortest channel setting time required for change
setting of the specific frequency among the standby
transceivers.

12. A method of controlling a network executed by a net-
work apparatus which controls a plurality of transceivers
having frequency variable characteristics, comprising:

a procedure for allocating frequencies different from each
other to channels of standby transceivers that are not
connected to a network and are set to a standby state,
among the plurality of transceivers;
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aprocedure for tuning the frequencies of the standby trans-
ceivers to the frequencies of the allocated channels by
changing respective parameters; and

a procedure for, when a path is newly set by setting a
specific frequency on any one of the standby transceiv- 5
ers so as to connect the standby transceiver to the net-
work, preferentially selecting and using a transceiver
having a shortest channel setting time required for
change setting of the specific frequency among the
standby transceivers. 10
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